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SUMMARY 

Rats were kept in an atmosphere of 50% N20 in order to inactivate 
cob(I)alamin. There was an impaired utilization of deoxyuridine for DNA 
synthesis by marrow cells from these animals. The defect was not improved by 
the addition of hydroxocobalamin. Formylated tetrahydrofolates corrected the 
defect but tetrahydrofolate and 5-methyltetrahydrofolate produced either little 
or no improvement. Thus formyltetrahydrofolates overcome both the impairment 
of folate polyglutamate synthesis [ill and the impaired deoxyuridine 
utilization which follows N20-induced oxidation of the B12 coenzyme. 

Exposure to the anaesthetic gas nitrous oxide (N20) leads to rapid 

oxidation of vitamin Bl2 from the active reduced cob(I)alamin form to the 

inactive oxidized cob(III)alamin form. This occurs both in vitro [1,2] and in - 

vivo in man [3,4,5] and animals [6,7]. The activity of Bl2-dependent 

methionine synthetase in rat liver declines after 30 m exposure to N20 and is 

undetectable after 360 m [7]. In man megaloblastic haemopoiesis is produced 

by N20 inhalation [3,5], but haemopoiesis in animals remains normoblastic. 

One of the features of a megaloblastic marrow is impaired methylation of 

deoxyuridine to form deoxythymidine [81 and this step is tested in the 

deoxyuridine suppression test [9]. Although the marrows of animals exposed to 

N20 remain normoblastic, an impairment of deoxyuridine utilization appears 

within an hour of breathing 50% N20 [7,10]. 

We have shown that livers of N20-treated rats fail to synthesize folate 

polyglutamate from either H4PteGlu or 5-CHj-H4PteGlu but do so normally 
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from 5-CHO, lo-CHO and 5,10-CH=HqPteGlu [ll]. The purpose of this study 

was to determine whether the abnormal deoxyuridine utilization by marrow cells 

from the N20-treated rat was improved by those folate analogues that were 

effective in restoring normal folate polyglutamate synthesis. 

MATERIALS AND METHODS 

Animals: Male, Sprague-Dawley, 80-120 g rats were placed in a chamber in 
which a mixture of N20 (50%)/oxygen (50%) was passed and CO2 and humidity 
controlled. After 3 hours the animals were killed by exsanguination preceded 
by an injection of sodium pentobarbitone, long bones removed, split with a 
scalpel and marrow washed into 5 ml cold Hanks balanced salt solution (BSS) 
(pH 7.2-7,.4) containing 0.5 ml preservative-free heparin (1000 iu/ml). 
Control animals were left in air. 

Marrow: The marrow collected in Hanks solution was passed through 21 and 25 
gauge needles to break up clumps and washed in cold Hanks BSS. The cells 
were then resuspended in a known volume of Hanks BSS containing 10% rat serum. 
A cell count was performed and volume adjusted so that there were between 1.5 
x 106 to 17 x lo6 cells/ml. 

Solutions: -___-- The following were added in the deoxyuridine (dU) suppression test 
in 10 1.11 volumes both to the tubes to contain dU and to the matched controls 
from which only dU was omitted: hydroxocobalamin 1 mg/ml, dl 5-CHO-H4PteGlu 
(Lederle) 3 mg/ml, PteGlu 1.5 mg/ml, dl 5-CH3-H4PteGlu (Sigma) 3 mg/ml in 
0.1 M potassium phosphate buffer pH 7.0 to which was added 10 mM 
2-mercapt'oethanol, dl H4PteGlu (Sigma) 3 mg/ml in 1% potassium ascorbate pH 
6.5 stored under nitrogen, lo-CHO-H4PteGlu 3 mg/ml prepared from 
5-CHO-H4PteGlu (Sigma) by the method of Rabinowitz [12], in 1% potassium 
ascorbate pH 7 and kept under nitrogen. 

Deoxyuridine suppression test [8,9,13]. In this test a marrow cell 
suspension is incubated with deoxyuridine. This is normally converted into 
thymidine which in turn is incorporated into DNA. At a second stage 
t3H]thymidine is added so that any requirements not met by synthesis from dU 
is met by utilization of [3H]thymidine. A 100% value is obtained by 
incubating marrow with [3H]thymidine directly without preceding dU. The 
result is expressed as 

t3H]thymidine uptake after dU x 100 
[3H]thymidine uptake alone 

Normal rat (or human) marrow meets more than 90% of its thymidine requirements 
from dU so that less than 10% of [3H]thymidine is used. 

Tests and controls were set up in duplicate. One ml marrow suspension was 
added to each tube followed by 10 pl of the additive (cobalamin and/or a 
folate analogue) and the tubes incubated at 37°C for 15 m. Deoxyuridine 
(Sigma) 0.33 umol in 10 pl saline was added to one set of tubes and incubation 
at 37'C continued for 15 m. [3H]thymidine (luCi/O.2 nmol) (Amersham) in 
100 pl saline was added to all tubes and incubated for 60 m. The cells were 
washed twice in cold phosphate buffered saline, 2 ml cold 0.5M perchloric acid 
added to the cell pellet and left in ice for 10 m. The supernatant was 
decanted and DNA extracted in 0.5 ml 0.5M perchloric acid for 20 m at 80°C. 
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[3H]thymidine was measured in 100 pl of the clear extract by liquid 
scintillation, appropriate correction being made for quenching. 

RESULTS 

These are shown in the Table and figure. The mean dU result in marrows 

from 40 control rats was 7.3%, that is 92.7% of thymidine requirements had 

been met by methylation of deoxyuridine and only 7.3% from preformed 

[3H]thymidine. The 100% value in each set are the counts in the tubes 

containing [3H]thymidine in the absence of deoxyuridine but in the presence 

of the appropriate additive which can of itself influence the amount of 

thymidine incorporated into DNA. There was no significant change in control 

marrows with any of the additives other than the lower mean value on addition 

of lo-CHO-H4PteClu this being just significant at the 5% level. 

After 3 hours exposure to 50% N20 the dU suppression was abnormal the 

mean being 15.7%. Unlike the results reported in man after N20 exposure 

Table: Results of the deoxyuridine suppression test with marrow cells 
in control and NZO-treated rats and the effect of addition of 
hydroxocobalamin and/or folate analogues. Results are expressed 
as: counts with deoxyuridine + L3H]thymidine x 100 

counts with r3H]thymidine 

Additive Controls N20-treated 

nil 

OH-Cbl 

PteGlu 

H4PteClu 

5-CHg-H4PteGlu 

5-CHO-H4PteGlu 

IO-CHO-H4PteGlu 

OH-Cbl + PteGlu 

OH-Cbl + H4PteGlu 

OH-Cbl + 5-CH3-H4PteGlu 

OH-Cbl + 5-CHO-H4PteGlu 

OH-Cbl + lo-CHO-H4PteGlu 

No. Mean S.D. No. Mean S.D. 

40 7.3 1.57 21 15.7 2.46 

a 6.8 1.62 a 15.0 2.31 

4 6.7 1.17 4 14.7 2.13 

a 6.5 0.89 a 12.8 2.02 

a 6.3 1.55 a 14.5 2.86 

10 7.5 1.66 10 9.2 1.44 

a 6.2 1.22 a 9.4 1.89 

4 7.2 1.89 4 13.8 1.55 

a 7.4 1.33 a 13.5 2.90 

a 6.6 1.57 a 14.1 1.56 

a 7.5 1.80 a a.9 1.83 

a 7.4 1.26 a 12.6 2.58 
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Three hours exposure to N,O 

5-CHO-H PteGlu 
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Figure. Results of the deoxyuridine suppression test with marrow cells 
from N20-treated rats and the effect of hydroxocobalamin and/or folate 
analogues. Results with marrow from rats breathing air are also shown. 
All results are expressed as: 

Counts with deoxyuridine + 13Hlthymidine x 100 
Counts with 13Hlthymidine 

[5] there was no improvement on the addition of B12. There was no 

significant improvement in dU utilization on the addition of PteGlu and 

5-CH3-H4PteGlu. The mean value fell to 12.8% on the addition of 

H4PteGlu. The most significant improvement in utilization of dU occurred 

with the addition of 5-CHO and lo-CHO-H4PteGlu the mean values being 9.2 and 

9.4% respectively. Most of the values fell into the normal range (figure). 

There was no further improvement when B12 was added with a folate 

analogue. 

DISCUSSION 

The results follow the pattern described in relation to folate- 

polyglutamate synthesis in the N20-treated rat. The abnormal utilization 

of dU is corrected most effectively by formyltetrahydrofolates, much less well 

by H4PteGlu and not at all by PteGlu or 5-CH3-H4PteGlu. 

Surprisingly, B12 was ineffective. Others have reported some 

improvement [5] with B12 particularly when an interval was allowed 
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between withdrawal of N20 and the test [14], perhaps when regeneration of 

the apoenzyme had occurred. The relative ineffectiveness of H4PteGlu also 

occurs with pernicious anaemia marrows (to be published) and with other 

observations in N20-treated animals [11,15] suggest that trapping of 

H4PteGlu (the methylfolate trap hypothesis) is not the correct explanation 

for its ineffectiveness in overcoming the B12 block. 

Our data indicate the formyltetrahydrofolates are the most effective 

analogues in overcoming the N20-induced block in Bl2 metabolism and 

hence that B12 has a role in formylation of folate. The N20-treated 

rat shows a defect in the serine-glycine reaction (unpublished observations) 

and this failure to supply formate may lead to lack of CHO-H4PteGlu which 

appears to be the substrate for folatepolyglutamate synthesis [ll]. Failure 

to provide 5,10-CH2-H4PteGlu may also account for the impaired dU 

methylation. The more precise role of Bl2 however, remains to be 

determined. 
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